habilitation of persons with spinal cord injury focuses on functional restoration by maximising residual motor function and returning neurological activity, or on overcoming losses with compensatory techniques and the use of assistive or adaptive devices and equipment 4, [8] [9] [10] . Intervention is generally planned based on the patient's level of injury and specific prognostic predictors of expected outcome, such as pre-injury level of function, home environment, education level, pre-injury life roles and tasks, and the future plans of the patient. The goal of rehabilitation is to facilitate safe discharge to an appropriate environment, and enable optimum performance in self-care, productivity and leisure participation 6 . However, in South Africa, rehabilitation is limited by funding and pressure on bed occupancy. Patients with private medical aid are eligible for funding for two months of inpatient rehabilitation under prescribed minimum benefit legislation 16 , while in the public sector, in-patient therapy is limited to approximately six to twelve weeks (Personal communication, Bed manager WCRC, 11/2/15). Patients are therefore reliant on their own resources for further therapy after discharge, but communication from medical professionals to patients with spinal cord injuries, specifically those with complete injuries, often implies that no functional gains are expected, and few seek further rehabilitation. As a result of these and other barriers, very few patients with complete lesions receive any rehabilitation in the sub-acute or chronic phase [11] [12] [13] . Recent advances in regenerative medicine and therapeutic cloning may have the capacity to change this, as the promise exists of interventions that could restore function to organs and structures previously deemed irrevocably damaged 4, [17] [18] . For spinal cord injuries, this has meant the prospect of improvement in, or restoration of, neurological function, despite injuries which previously resulted in catastrophic and irreversible disability [19] [20] . One such development is the use of stem cell transplantation, which has shown promise in many animal and human models [20] [21] [22] [23] [24] [25] [26] [27] [28] . This could dramatically change the landscape of post spinal cord injury rehabilitation, as suddenly, persons who previously had no prospect for recovery, may have the potential to improve.
In this paper we present our approach to, and outcomes of the post-operative rehabilitation of a chronic complete C4 quadriplegic patient following C4/5 glial scar resection and autologous human embryonic stem cell (AHESC) transplantation, 72 months after injury. We report interventions, schedules, outcome assessments and functional improvement, over the first 12 months post transplantation.
METHODS
Quantitative data were collected making use of physiological assessments (electromyography, testing of cardiac and respiratory function, and assessment of muscle strength, sensation and range of movement) pre-transplant, in preparation for surgery and rehabilitation, and repeated 12 months later in order to compare results. Specific outcome measures (American Spinal cord Injury Association scale [ASIA] 29 , Landrum outcome levels [30] [31] , Loewenstein Spinal Cord Independence Measure, Third Edition [SCIM-III] 32 ) were selected to measure changes to motor and sensory function and independence in various aspects of activities of daily living.
The ASIA scale uses a multi-dimensional approach to categorise motor and sensory impairment in individuals with spinal cord injury, and classifies patients from grade A (complete spinal cord injury) to grade E (normal motor and sensory function) 29 . It provides an internationally accepted system to classify the severity and extent of impairment as a result of a spinal cord injury, and is sensitive to changes in sensory and motor function.
To ensure a continuum of care, the outcome levels suggested by Landrum et al 30, 31 which had been used at the rehabilitation facility where the patient was initially treated following his injury, were used thereby providing an excellent basis for comparison with our own rehabilitation. These six levels of outcome (see Table 1 ) would also allow us to measure the impact of rehabilitation on the extent and quality of our patient's participation in the different domains.
The Loewenstein Spinal Cord Independence Measure (SCIM-III) 32 was also used to measure gains in independence. This measure was developed specifically for persons with spinal cord injuries, to make the assessments of these patients more sensitive to change. It includes the following aspects: Self-care, respiration, sphincter management and mobility.
Qualitative data regarding the patient's experience of rehabilitation and his resultant changing abilities were also collected. The aim was to encapsulate his perception of the impact of the surgery and rehabilitation on his quality of life in general.
Various quality of life questionnaires were reviewed in an attempt to find a tool which would provide rich data regarding the patient's experience of the changes brought about by the transplant, but none were felt to be sufficiently detailed. A new questionnaire was therefore drawn up, containing twelve questions which were derived from selected items contained in the Quality of Life Index, Spinal Cord Injury Version (QLI-SCI) 33 , specific aspects of function identified as significant in the Loewenstein SCIM-III, and aspects that had been identified by the patient as being significant during personal communication. The aspects that the patient identified as significant included the impact of the implant and subsequent rehabilitation on his family and friends, the financial impact, changes to general health and the socio-emotional impact in his own life. Specific questions were included to assess these factors and particular components of his recovery, such as sensory and motor function, and bowel and bladder control. The questionnaire was administered as a formal interview and responses were recorded and transcribed.
Informed consent and ethical considerations
Our patient had participated in an exhaustive process of providing informed consent prior to the surgery, which included consent to participate in rehabilitation. Consent was obtained verbally and documented on video, as well as in writing, with the patient providing a thumb-print in lieu of a signature. The ethical aspects of the surgery were reviewed by the hospital ethics committee and all permissions that had been obtained from various regulatory bodies were accepted.
In terms of informed consent for this article, the purpose and scope of the article was discussed with the patient, who subse- 
Physiologic maintenance
The achievement of preservation of immediate and long-term physiologic health.
Residential reintegration
Achievement of proficiency in self-care, mobility, communication, safety and home management to function in a residential setting.
Community reintegration
Achievement of an appropriate level of function within the community. Includes self-management, social competencies, community mobility, complex homemaking capabilities, financial management, self-directed health monitoring and recreation.
Productive activity
Establishment of the individual in productive activities within his/her capacity. May involve vocational, avocational or educational pursuits.
quently provided verbal consent. All of the findings discussed in this article were discussed with the patient prior to commencement of writing and the ethical principles of beneficence, non-maleficence, and respect for autonomy were upheld throughout the course of his rehabilitation and the writing of this article.
THE CASE

Pre-injury
Prior to his injury, our patient, Louis* was a healthy, independent 25 year old Caucasian male, the younger of two siblings. After completing his high school education, he went abroad, returning after four years. Initially, he lived with his parents on the family farm in an Overberg farming community, but he had plans to move to Hermanus where he was due to start working at, and later become a partner in, a privately owned marble-and granite manufacturing business.
Injury and acute management (March -May 2006)
Louis sustained a bilateral C4/5 vertebral facet dislocation in a diving accident in March 2006, resulting in complete C4 motor and sensory tetraplegia, American Spinal Injury Association (ASIA) Grade A (No sensory or motor function below the level of the injury). Initial acute management included mechanical ventilation and a C4-5 anterior discectomy and fusion. He was discharged from the acute surgical unit after 7 weeks, to a high intensity rehabilitation facility. He had an indwelling catheter and had started a bowel management programme. At this time Louis still had complete C4 motor and sensory tetraplegia and an ASIA score of 28/114.
Initial rehabilitation (June-August 2006)
Rehabilitation was limited to the provision of a suitable motorised wheelchair and training on its use, psychological support, the provision of devices to enable independent communication with his mobile telephone, bowel and bladder management, family education and training, and discharge planning. Upon discharge from this facility after twelve weeks of rehabilitation, motor function below the level of C4 was absent with the exception of (Oxford scale grade) 1/5 power in right external shoulder rotators (C5) and right elbow flexors (C5) (zone of partial preservation). Mobility was only possible with the use of a chin control on the motorised chair. On discharge, he had reportedly achieved Landrum's outcome level III (Residential re-integration). Assessment by specialists at the initial acute management facility fourteen months after injury found no further neurological recovery and, given the absence of further functional gains, he was not offered further rehabilitation.
Post-injury recovery and adaptation (September 2006 -August 2012)
Louis was discharged from the rehabilitation facility to a group home for wheelchair users, as returning to his family home in a local farming community was deemed impractical. He still had regular contact with his parents, sister, and friends, who came to visit regularly and kept in touch telephonically. On arrival at the group home, his endurance was so poor that he was unable to spend much time out of bed. As this improved, he started participating in activities presented at the home on a more regular basis, and began socialising with other residents. Following the initial adaptation to his new circumstances and new home environment, Louis started becoming depressed as a result of the losses he experienced. His parents assisted with accessing psychotherapeutic services and he was referred to psychiatry for pharmacological support.
Over time, (2006-2012) Louis adapted to his new circumstances and his mood stabilised. He progressed to Landrum's outcome level IV (Achievement of an appropriate level of function in the community, including social competencies, community mobility, self-directed health monitoring and participation in leisure tasks) 30, 31 .
With support from his family and friends, he was able to purchase a converted mini-bus, and portable ramp, which provided more freedom to engage in social activities and go on outings. Participation was still limited by the need for a driver and assistance to remain upright in his chair while travelling in the minibus. He purchased a variable air-mattress to aid with pressure care, and had a wheelchair imported which was better suited to his particular needs, to replace the one issued on discharge from the inpatient facility. He obtained a mouth-control for his laptop computer and a family member built a control panel for the light switch, call button and television remote, so that he could control his environment to some extent.
He also enrolled in formal studies through a distance learning university in order to obtain a qualification which would be of benefit in the business world, as he remained a partner in the business where he would have commenced employment, but for his injury. Louis and his family started researching alternative treatment options which could lead to improved independence.
Over the course of the next thirty-six months, Louis had no therapy. Physically, he regained partial function of shoulder girdle muscles on the right, specifically partial function of the middle fibres of deltoid (Oxford scale Grade 2+/5), upper trapezius (Oxford scale Grade 4/5), and flickers in biceps. These muscles are all innervated to some extent by C4 or C5, confirming the zone of partial preservation. On the left, he used upper trapezius fibres to achieve a degree of shoulder movement but this was not functional. Secondary complications such as severe extensor spasms, pressure ulcers on both ankles, frequent urinary tract infections and pneumonia, impacted his capacity to take part in productive and social activities.
Forty-six months after discharge from the acute hospital where he was initially treated and medically stabilised, Louis sought rehabilitation from an independent, private facility. Treatment was provided over a period of three months, consisting of 60-minute sessions with a student biokineticist twice weekly. These sessions included training on an active-passive upper limb trainer, and passive-assisted weight training using a pulley system. Passive movement of joints was carried out to maintain range of motion and prevent secondary complications such as contractures. Although strengthening of the right shoulder girdle and right biceps was documented, no real functional gains were made, and no additional neurological recovery occurred. Strengthening therefore only occurred in myotomes with pre-existing function. Rehabilitation was stopped as a result of transport difficulties and costs involved. He also required skin grafts to repair defects caused by pressure ulcers on both ankles, and bed rest was recommended for six months.
Pre-transplant assessment and surgical procedure
Seventy-eight months after injury, Louis sought a neurosurgical opinion regarding AHESC transplantation from a private neurosurgeon. He had read much on the subject and was prepared to travel wherever necessary to obtain the appropriate treatment. A series of events and circumstances, which fall outside the scope of this article, had brought him to the conclusion that regenerative therapy was the treatment of choice for patients with SCI. Although he had come to terms with his disability and had adapted to his impairments effectively, he demonstrated a keen interest in scientific progress and expressed a desire to participate in the process of medical innovation. He was identified as a potential candidate for an open surgical transplant due to the nature and chronicity of his injury.
Further conversations with Louis, revealed a young man who had already come a long way since his injury. Carl Rogers 34 stated in his discussion on the theory of creativity that man has a tendency to become his potentiality, but that there are certain conditions inherent to the person required in order to reach this full potential. These include openness to experiences, an internal source of the value of what is being created, and an ability to play with ideas. This theory frames Louis perfectly. He was willing to accept the risks inherent to a procedure that had never been done before and had no guarantee of success. He felt that he had a role to play in the advancement of medical knowledge and had sufficient courage to accept the unknown. Although not entirely accurate, his expectations regarding his possible recovery and progress in rehabilitation were deemed to be realistic and well grounded. His support structure, frame of reference and realistic expectations further added to his suitability for this procedure.
A pre-transplantation MRI scan demonstrated a discontinuous spinal cord with a 33mm defect. Clinical assessment by the neurosurgeon confirmed a sensory level at C4 with complete loss of all sensory modalities below this level. Motor examination demonstrated (Oxford scale grade) 2/5 muscle strength for right shoulder abduction (C5) and (Oxford scale grade)3/5 muscle strength for right biceps (C5), but all motor function below the level of C4 on the left was absent.
able to assume the functions and responsibilities of every other. The above-mentioned disciplines were combined into treatment pairs which changed daily. This ensured a holistic, multi-faceted perspective, and team meetings were held on a weekly basis to identify rehabilitation goals and review progress.
As the literature available to guide us was limited with regards to detailed descriptions of the content of rehabilitation, our approach had to be underpinned by physiological, anatomical and developmental principles, as well as the therapeutic principles inherent to the three disciplines. Our treatment plans rested on the following assumptions: 1) Recovery would follow a descending pattern, with recovery of one spinal segment leading to recovery of the next segment, 2) that large, proximal muscle groups would recover more rapidly than smaller, more distal muscle groups, 3) sensory and motor return would be mutually conducive and 4) recovering neural pathways would require maximal repetition to ensure maturation and sustainability. The above assumptions, and the combined knowledge and experience of the clinicians involved, led to the design of a custom-made rehabilitation programme.
Louis had been living with his disability for six years and seven months prior to the transplant. We assumed that he had optimised his environment and context to enable and maximise activity participation and performance despite impairment of body functions and structures. Therapy after the transplant would have to target these impairments that had previously been accommodated by the use of personal assistance or assistive devices. The aim would be to reduce impairments of body functions and structures that had previously been assumed to be static, with the goal of achieving improved activity participation in all realms of life.
With this in mind, we set out to identify goals and aims of therapy, roles and responsibilities for the various therapists involved, and to identify a starting point. Initially, in the acute and sub-acute phase, physiotherapy and occupational therapy were envisaged to be the lead clinicians, with biokinetics becoming essential as motor function returned and muscle imbalances were identified.
In designing the rehabilitation programme, we employed interventions with evidence of efficacy in the conventional model of early rehabilitation post-spinal cord injury, and post-stroke rehabilitation, such as neuro-muscular treatment techniques, performance-based intervention and repetition of tasks to stimulate patterned neuronal activity [5] [6] [7] [8] [9] 15, 23 . Decisions regarding therapy techniques and tasks were also influenced by availability of equipment, cost to the patient, space, and the likely impact that participation in rehabilitation would have on his pre-existing participation in tasks and activities, lifestyle, relationships and role performance.
Task selection and decisions regarding intensity of therapy were based on the evidence that suggests that patterned neuronal activity is important in the developmental processes of normal CNS, including cell birth, migration, differentiation and the selection of new circuits. Research suggests that task-based interventions and patterned neuronal activity may have an impact on a patient's physical condition and has the potential to facilitate functional recovery 7 . Repetition of tasks would also be a key element, as other studies showed that intensity of rehabilitation varied between 25 and 39 hours per week 7, [24] [25] [26] . Tasks and movements were therefore selected based on patterns of normal human development, and the assumption that repetition of the said patterns would be required to achieve activation and regeneration of neural and muscular structures, which in turn would facilitate activity participation and performance.
Literature regarding central and spinal cord cortical re-organisation guided selection of treatment techniques, which included motor retraining, graded motor imagery and mirror therapy [35] [36] [37] [38] [39] [40] [41] [42] [43] . Particular attention was paid to the use of left-right discrimination, imagined movements and mirroring to stimulate the sensory and motor cortices. The sensory and motor cortex in patients with spinal cord injury reorganises rapidly after injury, with enhanced representation of the uninjured parts of the body in the cerebral cortices, and exaggerated responsiveness of the spinal nerves after . After the 5 th post-operative day, an independent neurosurgical assessment confirmed complete C4/5 motor and sensory quadriplegia, with no functioning below the level of C5. Louis was referred for rehabilitation.
Post-transplant rehabilitation (October 2012 -October 2013) Theoretical framework
A search of Pubmed and Occupational Therapy specific databases (OTSeeker, OTCATS) revealed multiple studies on stem cell research, animal studies, application of adult stem cells in humans, and rehabilitation of SCI but in general, but minimal literature applicable to rehabilitation protocols, expected outcomes, or previously successful treatment strategies for patients who had received this specific surgical and cell-based intervention [25] [26] . We therefore designed our own individualised, intensive interdisciplinary rehabilitation programme, aimed at facilitating any recovery that might occur.
Fundamental principles of our approach included the pooling of expertise from occupational therapists, physiotherapists and biokineticists, resulting in a comprehensive, seamless rehabilitation strategy without the compartmentalisation that commonly occurs in conventional settings [8] [9] . The aim was to create an interdisciplinary team that could provide rehabilitation across disciplines. Due to the intensity of intervention envisaged, each therapist had to be injury. This could explain the presence of neuropathic pain and even phantom sensations [44] [45] [46] . Moseley and Flor 47 , in their discussion on theories surrounding the treatment of phantom limb pain, state that the brain responds to the perceived reality as much, if not more than, to the actual reality. For this reason, observing an existing, normal limb in a mirror, can reduce pain in the phantom limb as a result of cortical re-organisation.
We postulated that similar techniques might be beneficial in Louis' treatment. We reasoned that it was likely that passive movement, sensory stimulation of the area to be moved, observing someone else performing the movement and imagining doing the movement, would help to re-organise the cortical representation of a body part and activate pathways that previously existed but had been dormant for many years. In practice, this approach seems to have been the most useful when attempting to enable relearning of previously automatic movements.
Phases of rehabilitation
Rehabilitation aims during the acute post-transplantation phase focused on treatment of changing body systems and structures with a view to improving capacity for task performance, particularly in the areas of self-care, bed-mobility and leisure participation. Immediately post-discharge, therapy was aimed at achieving Level 2 (Physiologic maintenance) outcomes while Louis was an inpatient. Although he had achieved Level 4 outcomes as an out-patient between 2006 and 2012, our aim was to increase his repertoire of tasks and increase his independence in the performance of these tasks. Rehabilitation of specific components of function was required as precursors for participation in real-life tasks, but the entire rehabilitation approach had to be framed in terms of improving performance and capacity of activity participation, and improved quality of life.
Rehabilitation began at the point of referral. Initially, our assessment focused on physical components of function. The first assessment was done 5 days post-transplantation and clinically confirmed C4/5 complete tetraplegia, ASIA score 29/114 (Grade A).
Motor function was restricted to right shoulder elevation (Oxford scale grade 2+/5) and abduction (Oxford scale grade 2/5), and elbow flexion (Oxford scale grade 2+/5), (C5); and on the left, shoulder elevation only. There was complete sensory loss below the level of C4.
Functionally, Louis' status was similar to his capacity prior to admission. He was fully dependent for all aspects of care, and arrangements had been made to allow his regular care-giver to stay in hospital for the duration of his admission. Psychosocial assessment was deferred until he was deemed medically and physiologically stable.
Rehabilitation during the first 12 months post-operatively was divided into three phases, based on the key focus of intervention, namely: 1) Acute and sub-acute post-operative management; 2) cardiovascular and motor retraining; and 3) functional retraining, with phases 2 and 3 containing overlapping components. Phase 1 (week 1 -16): Initial acute post-transplant rehabilitation focused on similar aspects of treatment to those expected for persons with SCI immediately post-injury, namely respiratory management and maintenance of joint range of motion and flexibility. In this case, neuro-muscular rehabilitation and sensory stimulation techniques normally used in stroke rehabilitation [38] [39] [40] were added, with particular attention being given to improving the tone and muscle responses in both upper limbs. Stimulation techniques, such as sweeping, tapping, ice, and electrical stimulation were applied mainly to muscles in the C5-T1 myotomal distribution, as a descending pattern of recovery was anticipated. Graded motor imagery techniques such as left-right discrimination, and imagined movements were added. Flash cards, computer based programs, and observation of active movements, were used as part of a graded motor imagery regime. Principles of mirror therapy were used to achieve activation of forearm and hand muscles, but traditional techniques had to be adapted to match Louis' capacity.
Because he did not have a functional limb which could be observed in a mirror, the therapist made use of her own limbs, which Louis observed while attempting to perform the task. Physiological changes such as increased temperature and sweating were noticed in his limbs, and muscle flickers were observed in response to attempts at movement. Active assisted movement was initiated as soon as a muscle response was noticed in previously inactive muscles. Passive-assisted movement of inactive muscles was used to establish activation through afferent feedback.
Treatment consisted of four 60-minute sessions daily, 7 days per week for the first four months.
Phase 2 (week 17 -40) was introduced when Louis developed improved diaphragmatic and intercostal activity, leading to improved respiratory function. He also reported sensory feedback from dermatomes corresponding to thoracic and upper abdominal muscles, raising the possibility of recovery of function of trunk musculature.
At the start of this phase, physiological stability had been achieved. Louis started participating in goal setting. He identified improved safety and confidence with wheelchair mobility as one of his goals. This involved being able to drive his chair for longer distances without assistance, driving up and down inclines safely, being able to remove the side supports, leg straps and head support from the wheelchair and being confident when driving the wheelchair over uneven terrain, as this would allow him to participate in more social outings. He also wanted to progress to a manual wheelchair eventually. Louis also wanted to be able to participate in some self-care tasks, such as feeding himself, being able to roll in bed and have improved sitting balance in his shower chair. In terms of leisure activities, he identified using his hands for the independent operation of his mobile phone (making calls, sending texts and playing music/games) as one of his main goals.
The focus was on activation of trunk muscles, improvement of posture both in and out of the wheelchair and achieving independent balance without external support when sitting in a wheelchair. Louis had previously relied on external trunk supports and straps, to maintain his position in the chair. Achieving independent balance to the extent that the external supports could be removed was a major accomplishment, and was important for the improvement of his self-confidence and self-esteem. Tasks related to bed mobility, upper limb use and balance, were added as recovery progressed. These included rolling from supine to side-lying, weight bearing through the upper limbs in preparation for transfers and pushing up onto the elbows from supine or prone, and practising movements required for independent feeding and operation of wheelchair controls.
Emphasis was also placed on improving his cardiovascular function and overall endurance, as well as strengthening his shoulder girdle and trunk musculature on the premise that shoulder and trunk stability is required for distal mobility during hand function. Treatment during this phase included upper limb strengthening on an active/passive trainer, voluntary core activation while sitting without support, posture and balance re-training and hydrotherapy.
Development of sensation in the lower thoracic and upper lumbar dermatomes prompted us to incorporate passive-assisted pelvis and hip movement. Subsequent flickers of movement in inferior sections of erector spinae, external and internal obliquus, lattisimus dorsi and gluteus medius led to the decision to add active-assisted movements which would require the use of these muscles.
During Phase 1 and 2, Louis had to adjust to changing function of body systems and structures, which challenged his accepted view of his capacity and capabilities. Dubouloz et al 48 describe the process of personal change which occurred in patients with rheumatoid arthritis as a result of their participation in Occupational Therapy, and the threats to an individual's core values, beliefs and feelings as a result of a focus on occupation performance modification in treatment. In this case, Louis experienced similar threats, as the focus was also on occupation performance modification, but here, adaptation was required as a result of recovery, rather than disease progression. As no comparative case was available at the time of
One of the first and most important challenges to his beliefs was that recovery would not occur spontaneously, merely as a result of the transplant, but would require intensive rehabilitation and active participation.
Every aspect of returning function presented a challenge to his belief system and knowledge of his previous capabilities. Prior to the transplant, his belief was that he was unable to do anything independently, and he would wait for assistance. During rehabilitation, he would always be asked to try something independently before assistance would be offered. Many a true word is spoken in jest, and Louis would often jokingly ask: "Must I do everything myself these days?". The time and effort required to re-learn movements and co-ordinate muscle action surprised him, and often caused frustration and occasional despair. It was essential for the therapists to provide continuous feedback and contextualise progress in order to keep him motivated. The occupational therapist in particular, had to assist him with a process of adapting to the possibility of performing tasks independently which had previously been impossible and much time was spent preparing him emotionally for new exercises, or progression to greater independent participation in a particular task, before treatment goals were set and therapy progressed to the next phase. The development of self-confidence and a revised frame of reference was an essential part of rehabilitation and was often the key to the achievement of a particular goal.
After approximately 8 months of therapy, Louis expressed a readiness to attempt more real-life activities, such as active participation in bed mobility, feeding and recreational activities, such as using his mobile phone and computer to play games and access entertainment; go on group outings to restaurants, attend concerts, and participate in team building activities with other residents in Table III continued on page 36 the group home. He also expressed the desire to be more skilled with wheelchair use, so that he would no longer be restricted to areas where floor surfaces were smooth and even. Rehabilitation tasks during Phase 3 (week 41 -56) focused on enabling him to achieve these goals, while continuing to work on underlying components.
A detailed description of each phase of rehabilitation is provided in Table II on page 34.
Quantitative Outcomes
Louis was initially classified as ASIA A (no sensory or motor function is preserved in the sacral segments S4-S5). After 12 months, he had improved from ASIA A to ASIA C. (Motor incomplete: Motor function is preserved below the neurological level and more than half of key muscle functions below the single neurological level of injury (NLI) have a muscle grade less than 3.) Sensation had improved from 25% (ASIA 29/114) to 60% (ASIA 69/114). His sensation had improved to the extent that he was aware of light touch, and in particular deep pressure in all dermatomes and he was consistently accurate in localisation of touch above and up to L1. Below L1, localisation and speed of registration was impaired. At the time of writing an awareness of pain and temperature discrimination was developing.
He reported a proprioceptive awareness of muscles in his lower limbs with stretching, passive movement and weight bearing. He described sensations of burning, trembling, 'crawling underneath the skin' and 'electrical surges' and localised these sensations accurately. Louis had no prior anatomical knowledge, but accurately identified contraction of muscles during movement, increasing the veracity of his subjective report.
Over the course of twelve months, clinical gains in motor function, detailed in Table III , were made in the upper limbs, with muscle strength ranging from 1 to 4+ on the standard Oxford muscle grade system. Activation of all major muscle groups of the right upper limb was seen. Activity was less prominent in the left upper limb. During the transplant surgery nerve roots were found to have separated from the spinal cord. This may have been a reason for the slower recovery of the left upper limb. Twelve months after the transplant, electromyography showed that there was normal nerve conduction in the left upper limb.
In-hand movement and finger function was still limited to flickers of movement in the right hand only. However after twelve months, he had sufficient wrist and forearm movement to feed himself using a universal cuff, open and close his bedroom door independently, operate the light switch in his room, pull his water bottle towards himself, and perform some functions on a laptop computer.
Louis was able to sit unsupported. He had adequate trunk control to lean forwards, backwards and sideways, and was starting to use the trunk muscles functionally to participate actively in bed mobility and pressure relief. Because it was not possible to isolate individual trunk muscles when assessing muscle strength, we made use of his participation in real-life activities to grade the various muscle groups. Motor function was noted in thoracic, abdominal and spinal muscles with muscle strength range from 1 to 3+ on the Oxford scale. Flickers of movement were also noted in gluteus medius.
Pre-transplantation investigations of cardiac and respiratory function had been done to determine Louis' fitness to withstand an extended period of anaesthesia. Although sufficiently fit to have the surgery, he still demonstrated classical respiratory restrictions associated with spinal cord injury and had limited cardiovascular endurance.
Despite the pre-transplantation findings of reduced total lung capacity and expiratory volume, he made significant improvements in endurance. At the start of rehabilitation, he was able to sit in his wheelchair for 6 hours at a time and although he participated in 60-minute rehabilitation sessions 4 times/day; active, minimally strenuous activity was initially only required for 50% of that time. Louis struggled with hypotension and thermal regulation and fatigued after about 30-45 minutes. After 12 months he was able to engage in rehabilitation for up to 180 minutes at a time and remained in his chair for 10 hours/day. He no longer has difficulty with hypotension and thermal regulation had improved significantly.
Independence in areas of bed-mobility, self-care, wheelchair mobility and participation in other activities continued to improve and are described in Table IV on page 37.
As stated, the Loewenstein Spinal Cord Independence Measure (SCIM-III) was used to measure gains in independence 32 . Louis' score on the SCIM improved from 12/100 pre-operatively to Other Improved confidence with regard to falls from bed and chair as able to maintain upright posture. Improved ability to use upper limb for functional activities while retaining balance. Awareness of human touch and able to respond to nonverbal communication of carers. Increasing self-belief in ability to achieve greater degree of functional independence.
24/100 after 12 months, with improvement in feeding, grooming, sphincter management and bed mobility.
Qualitative outcomes
Although the changes described above are academically significant, it could be argued that there has not been much objectively measured improvement in his independence in participation in activities of daily living. This raises the question of whether the surgical intervention and subsequent rehabilitation have made a meaningful impact on Louis' quality of life. The responses shown in Table V on pages 38/39 illustrate the profound impact that this process has had on him and his family.
Although Louis' initial perception of the purpose of rehabilitation was to achieve increased physical independence, it soon became clear, that it was also becoming a journey to re-create himself. This is illustrated by recurring themes in his responses which include: having a new purpose, feeling less disabled, having greater self-confidence and improved self-esteem, having greater physical and emotional freedom, being more productive and having improved psychological well-being. His responses can perhaps best be interpreted using the model of Creative Ability 49 . The theory of Creative Ability states that there are three components that are interdependent and required for personal growth. Firstly, creative response, or having a positive attitude towards an opportunity, despite anxieties regarding capability or outcome. For Louis, this statement illustrates this first component 
How has your recovery impacted on your family? 'I would say it would have had an impact on their lives (dad, mom ,sister) because I think it's important for family members to know, to feel and to see that I'm happy under the circumstances that I'm in. I think the gist of it is that my family are happy when they see that I'm happy. I constantly run into friends and family friends who I haven't seen for a while and they would always tell me how well I look. I don't always know what that means but I have been told before that my eyes are shining again!'
Has your recovery had a financial impact on your life in terms of day-to-day costs? 'Yes my recovery has had a financial impact on my current day-to-day living cost, but let me explain. I don't think that people understand what sort of financial impact disability has on people. People think you buy a wheelchair and you sit in it
DISCUSSION
In South Africa, as in many parts of the world, the focus of clinicians in SCI rehabilitation is on assisting patients to achieve sufficient physical independence to enable safe discharge to a community setting. This is a good and true goal, and Occupational therapy has always been an essential part of this kind of SCI rehabilitation. Occupational Therapists aim to maximise independence, and facilitate a return to productive and fulfilling participation in life, but in the authors' experience, the challenges presented to the implementation of hospital and community based rehabilitation, particularly in South Africa, means that most patients' rehabilitation journey ends three to four months after their injury. They may have achieved sufficient physical independence to be discharged, but their participation and quality of life has often not been maximised.
For patients with complete SCI, the perception has been that this is acceptable, as no further recovery is anticipated, but the advent of regenerative medicine may force us to reconsider our approach.
If a patient has the resources and internal drive to seek alternative treatment, and even a glimmer of hope for improvement exists, are we equipped to deal with the rehabilitation challenges that this could present?
In Louis' case, rehabilitation commenced at a stage when therapy would ordinarily have been discontinued long ago, and the degree of impairment was constantly changing.
The rehabilitation approach used had several notable strengths. It was designed after a review of available literature from a variety of fields, and incorporated many aspects of the interdisciplinary team approach. It provided a framework within which the emergence of new neurological function could be accurately and rapidly identified and therapy tailored accordingly. A variety of treatment strategies from three rehabilitation professions were used to achieve the best possible quantitative and qualitative outcomes for the patient. Rehabilitation was characterised by persistence and endurance on the part of the therapists and the patient, and demanded creative thinking and innovation.
Critics have suggested that the transplantation of stem cells was irrelevant to the gains in sensory and motor function and independence that our patient achieved, and that the intensity of rehabilitation alone would have achieved the same result. Literature would seem to indicate that this is not the case 24, 25 . In the study by Lima et al 25 , patients received four months of pre-transplant rehabilitation, which made no difference. In the study by Tabakow et al 26, their patient received three months of daily rehabilitation prior to his transplant, and also demonstrated no functional change. What remains unclear is whether patients would improve solely as a result of receiving cell-based interventions and no rehabilitation. Are the cells the magic bullets, or is a combination approach of cells and rehabilitation essential?
It seems that it is not possible to dissociate the effect of the rehabilitation from the preceding transplant procedure. Clinical trials would be required to gather evidence regarding the impact of the different variables, in order to gather strong evidence to change practice and facilitate patient selection for future procedures. For example, the impact of glial scar resection on recovery is not known. Would transplantation without scar resection have had similar outcomes? The open surgical technique which is required for the implantation of stem cells implies that only patients with very particular lesions could be considered for surgery. Randomisation for this particular procedure would therefore, in our opinion, not be possible.
Comparative studies on the rehabilitation outcomes in patients who receive rehabilitation before and after regenerative therapy, is recommended as a way of establishing the efficacy of such treatments. Randomised controlled trials should also be considered in patients who have received regenerative treatments, to establish which rehabilitation techniques and schedules are most effective. Variables which could influence the outcome of rehabilitation would have to be taken into account when developing research protocols. These could include the types of stem cells used, the type of procedure utilised, length of time lapsed since injury and a multitude of other health and contextual factors. Co-morbid conditions, pre-existing secondary complications, age, education, access to transport, internal drive, and mental health, would all have to be considered.
As the field of regenerative medicine progresses it is likely that more patients will require rehabilitation following chronic and static disability, and that the need for innovative and pragmatic approaches to deliver such intensive therapy will continue to increase. Furthermore, our report highlights the need for the design of specific outcome measures to quantify physiological and anatomical recovery. In a field in which controversy abounds and claims of miraculous improvement are frequently made, it is essential to have as much objective evidence of change as possible. As can be clearly seen from the changes that our patient experienced and the perceived impact of these changes on his health and well-being, qualitative research could also add value to our understanding of this area of rehabilitation. The marked impact on this particular patient's self-confidence, mood, self-esteem, and perspectives on life, that have been brought about by his participation in rehabilitation and the subsequent functional gains, highlights the importance of never giving up hope.
In our opinion, the promise of even minimal recovery for a patient population who would previously have had no hope, demands the investigation of methods to make treatment and rehabilitation readily available. Further research into the most effective rehabilitation approach, intervention schedules and accurate measurement of improvement is essential.
CONCLUSION
We describe an integrated, inter-disciplinary programme of rehabilitation in a chronic cervical SCI patient. Over the course of a 12-month period, the patient received approximately 17 hours of interdisciplinary therapy per week, and progressed from ASIA A to ASIA C. Sensation improved to the extent that the patient is aware of light touch, pain and pressure and localisation was accurate to the level of L1. Motor function had improved in both upper limbs and trunk, enabling active participation in personal hygiene activities, improved wheelchair mobility and increased participation in leisure and work tasks. Our findings provide evidence of the value of rehabilitation in this setting, and show that considerable gains in functional capacity, improved psychological well-being and quality of life are achievable.
To our knowledge, this is the first report of a rehabilitation programme in the setting of AHESC in South Africa. Although there are numerous reports on the treatment of patients with chronic SCI with cell-based therapies, literature that comprehensively describes both the rehabilitation intervention and subsequent quality of life changes in such cases is very limited. Most reports focus on the anatomical and physiological changes as outcomes, and although these are essential and clinically significant, it is the improvement in quality of life, participation, well-being, general health and perception of self which is exciting for this population.
Our report demonstrates the physical, functional and qualityof-life changes which occurred over a period of 12 months, and highlights the functional, social and emotional changes that were observed. No negative symptoms or adverse effects were identified or experienced by the patient at the time of writing. He continues to receive rehabilitation on a daily basis and continues to improve.
